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(54) CHROME BASE ALLOY THIN FILM, ITS PRODUCTION AND STAIN GAUGE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a Cr base alloy thin film composed of Cr and 
required assistant components and in which the gauge rate and resistance temp, coefficient 
are specified and to produce a stain gauge made of the above alloy thin film. 
SOLUTION: This Cr base alloy thin film for a strain gauge is the one having a compsn. 
essentially consisting of Cr (the balance) and contg., as assistant components, total 0.01 to 
50% of one or s two elements among, by atom, Ti, V, Nb, Ta, Ni, Zr, Hf, Si, Ge, C, N, P, Se 
and Te respectively by ^5%, Zn, Cu and Bi respectively by ^8%, Fe, Mo, W, As, Sn, Sb, Pb, 
B, Ga, In and TI respectively by ^10%, Ru, Rh, Re, Os, Ir. Pt, Pd. Ag, Au and rare earth 
elements respectively by ^15% and Co, Be, Mg, Ca, Sr, Ba, Mn and Al respectively by ^20% 
with a small amt. of impurities, and in which the gauge rate is regulated to ^2, and the 
resistance temp, coefficient is regulated to ^(-3.5 to 3.5)xl0-4/°C. This thin film is obtd. by a 
vapor deposition method or a sputtering method. 
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^bLXTi. V, Nb. Ta, Ni, Zr. Hf. S 
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o,W. As. Sn. Sb. Pb, B, Ga, In.T 
\CO^fl^fllO%ll}.T. Ru, Rh, Re, Os, I 
r. Ft, Pd, Ag, Au. ^mJcm<^^iX^'tLl 
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rmmi] ^.^%izx. cr mm ^m-^t 

I. m^'f^blXTi. y. Nb, Ta. Ni. Zr. 
Hf. Si, Ge, C, N, P, Se, Te cr,^ix^'tl 
5%aT. Zn, Cu. B i(7)^tl^tl8%WF. F 
e.Mo.W, As. Sn. Sb. Pb. B,Ga, I 
n, Tl(0^jX^hlO%WF. Ru. Rh. Re. O 
s, I r. Pt. Pd. Ag. Au. %±mM'i:tl^' 
ni5%JaT, Co, Be, Mg, Ca, Sr, Ba, 
Mn, Alcr>^ti^tl2 0%WF<nd-lbl7iMtt:li.2 

5~3. 5) XIO- /'C\imX'hhZti:m,tt 

trziiti&mm±iz. w.^%izx. Cr mm 

Sri^^fcL. IiM^i-tLTTi, V, Nb, Ta, N 
i,Zr,Hf, Si,Ge,C,N, P, Se,Te 
cO-?-iX-fn5%iyT, Zn, Cu, B i tL-rtl8% 
OT. Fe, Mo, W, As, Sn, Sb, Pb, B, 
Ga, I n, Tlc0^iimiO%OT, Ru, Rh, 
Re, Os, Ir, Pt, Pd, Ag, Au, 
mcri-ttl^'ill 5%aT. Co, Be, Mg, Ca, S 
r, Ba, Mn, A 1 O-eft^tl 2 0 9 *> 1 7C 

mttzli 27C«W±O^0 . 0 1 ~5 0%biS^m<7)T^ 

fMS:*<(-3. 5~3. 5) xlO-4/'CJai*IttS 

iimm 3 ] mmmm±izmmmB^ Lfz± 
iz. tt:iii&mms±iz. m^%izx. cr mm 

Sri^^tL, IiM^tLTTi, V, Nb, Ta, N 
i,Zr,Hf, Si,Ge,C, N, P, Se,Te 
<0^iX^tL5%aT, Zn, Cu, B i 0-5-n-fit8% 
JilT. Fe, Mo, W, As, Sn, Sb, P b , B, 
Ga, I n, T I O^n-eni 0%WT, Ru, Rh, 
Re,Os, Ir,Pt,Pd,Ag,Au, ^±m: 
fgcO-eixmi 5%OT, Co, Be, Mg, Ca, S 
r, Ba, Mn, A 1 O-eit^il 2 0 %JilT<0 ^ *> 1 7C 
ntfzl,i27tma±(O'^\0 .0 1-5 0%i:i!'-«<7)^ 

wm^h^xmm^. mmttitixju^'vyymizx 
(fc^ 1 0 o'cai. 1 2 0 o'ctJiToiajSTUDfif^j^fflt 

S-IttciO. :>-'-i'W2J^JLhT', K^mmi^fn 
ifi(-3. 5-3. 5) XIO- 4 /x:l;MfriZt 



L, giM^a-t LTTi , V, Nb, Ta, N 
i, Zr, Hf, Si, Ge, C. N, P, Se, Te 
<r>^iX^1x5%&T. Zn, Cu, B i (O^il-^tlSX 
lUT, Fe, Mo, W, As, Sn, Sb, Pb, B, 
Ga, I n, T lO-eiX-fill 0%WT, Ru, Rh, 
Re, Os, Ir, Pt, Pd, Ag, Au, 
m<^^iX^tll5%&.T. Co, Be, Mg, Ca, S 
r, Ba, Mn, A 1 £7)-?-fL-f il 2 0 %lilT<7) d *> 1 tc 
#S/dl27C^mh«7)-&ff-0. 0 l~5 0%t^-*<7)^ 

ti6!i*i*»^>^'). y-'jm*^2vxtx\ R-^mmm 

t)H-3. 5-3. 5) XI 0- ^/TCttrtTftSCr 
m^mm^h^j:i> C: t Sr^i: tsx hU-f yy- 

{c, tfzi.mmm.±.^z. m^%\zx. cr (ssb) 

L, mmtLXn. V, Nb, Ta, N 
i,Zr,Hf, Si,Ge,C,N, P, Se,Te 
c^-f-it-eix5%iaTs Zn, Cu, Biff)^il^il8% 
tlT, Fe, Mo. W, As, Sn, Sb, Pb, B, 
Ga, In, T I c7)-e ii-eii 1 0%iaT. Ru, Rh, 
Re, Os, Ir, Pt, Pd, Ag, Au, ^±Wt 
m^tl^iXl5%^XT. Co, Be, Mg, Ca, S 
r, Ba, Mn, A I £7)-?-it-f ix 2 0 %JaT<7) 5 *> 1 7C 
mt.td,i27mWL<r>^0. 0 l~5 0%tii'-*<0^ 

*>fi!fe*»^.^'9. y->'W2tU:t\ K-MmsLm 

5-3. 5) xlO-4/''ClUl*l-CJ)§Cr 

m^^m(r>±mtzUTmz^mw&m^-th z t 

[fi^iae] mmitm.±izmiHfimmmuz± 
iz, ttziimt^mi±iz. w.^%izx. Cr mm 

Sri^^J-tL, giM^tLTTi , V, Nb, Ta, N 
i, Zr, Hf, Si, Ge, C, N, P, Se,Te 
<7)-etl-f#l5%UlTs Zn, Cu, B ic7)-eiX'fix8% 
OT. Fe, Mo, W, As, Sn, Sb, Pb, B, 
Ga, I n, TKJD-etietllOJ^OT, Ru, Rh, 
Re,Os,Ir,Pt,Pd, Ag, Au, #iJi7C 
ScO-fiX-fitl 5%WT, Co, Be, Mg, Ca, S 
r, Ba, Mn, A 1 O-eil-eil 2 0 %JilT<73 0 ^ 1 7C 

mtt:ii27tma±.(^-mo . oi-^5o%t'jfm<7)yp 
1 0 o-ctLh 1 2 0 o'cnT^mx-tm^^m 

y-i'W2Ja_ht', fioffitssasim 

*M-3. 5-3. 5) X10-4/'Ciilf*l-CJ>SCr 

m^^mm^htch z. t iw^t-thx h yy~ 

mm.i\ m%'^w^i.\z^tmmmm,tzk. 
{c, •tfz\tmi!^s^i.\z, w.Ft%\zx. Cr mm 

5:±^^t L, iM^J-fcLTTi , V, Nb, Ta, N 
i, Zr, Hf, Si, Ge, C, N, P. Se, Te 
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OT. Fe. Mo. W, As. Sn. Sb. Pb. B, 
Ga. I n. Tl<?)■e^^■Pi^lO%OT, Ru. Rh. 

Re, Os. Ir. Pt. Pd, Ag, Au, ^±Wt 
mcr>^tl'i'iXl5%aT. Co, Be, Mg, Ca, S 
r. Ba, Mn. A I cr,^ix^tl2 0%i:Xf(Oo-h lit 

mtfzii27tma±(r>^o . o i~5 o%t'Mi<^^ 
^(T) 1 0 ortLh 1 2 0 Q'cm<n'mx'wm^m- 

*M-3. 5-3. 5) X 1 0- 4 /°cmrtT'J)I.Cr 
[000 1 ] 

A) . Nb (ajj-T") , Ta (^'y^';W) , Ni (:::-y 
, Zr , Hf {/\y-^A) . 

S i (^r^«) , Ge (^r';PvrL^A) , C . 
N (M^) , P (Vy) , Se (-feb-y) , Te (t;W 
;u) , Fe im . Mo 'J7"fy) . w (i'yyx 
ry) . As (ts) . sn c^x) . sb (ryf-^ 
y) , Pb (iS) , Bi (h'x-rx) , Ai (t;i^5:i 
-^A) , B (^r?^) , Ga (;<f'J'>A) , I n (^y 
, Tl (^"J'^A) , Cu im) . Zn (ffi 
, Mn {•?y^y) , Ru (yP-f-'^A) . Rh 
{a'JryA) , Re (Ixr.'^A) , Os 
A) , I r (-^ Uv-^i*) , Pt (Sife) , Pd (Jiy 
i^^-U) . As («) , Au (±) . ffeUSjcS. Co 
(ay\';l/h) , Be C^U'J'^A) . Mg (-^i^^i^^ 
A) , Ca (;^7;Pj^>>A) , Sr (Xhoyf-'^A) 
J:t>'Ba (-'N'U'^ix) cod*>l7cSlLfv:(i2jc^ja±<0 
^0. 0 0 1~5 0%t*»^>^SCrftg-^^lifcJ: 

yy-i^i,zm-tihcox\ ^(omt.•thtz^^iy~ 

*M-3. 5~3. 5) XI 0- 4/'cmi*I'C*S-&^ 
[0002] 

'.zk'yxmut.tz\mm^<ny-i^ncr>m%'!km)mt 
■tmmmm-th{><r)X'hhi]K mzm^\\:im& 
•rhzb\zx'o. x>'r^'^iis:hmm^j:t:>x/\z^\zm 
mui. ^m.iMi.zii\'thv-fm\. mm 
It. tmmmii-(/^mn^&-mM.mmi^. ±^ 
jMizmh±m. mm. ■ :ii^iv^-mm!i,zm 



m\zmh^m^^ ■ ih-fmm^z^uKnm^ixxii 
[ 0 0 0 3 ] X yy-'jii , ^cDmmi)^ 

( 1 0~3 0/iin) tfzii^mm (3~5jum) Ir^'J 

[0004] 
[|SC1] 

[0 00 5] ZZX\ R, <y. Pi3J:t/ni-efL-f*iy 

0. 3T-S)S*»^., B!rifi<7)^tcfcJtstja^iJatm2 

[0006] y-'jmi}^±^^j:mMzimmw<7)m. 
y^miiXt/y)i'-?~^A^i}mhtix\^&. tt^iz 

s^tt<ct,^(t. ^hizimm^mmi^<^X}S.t:^ 

h^<m^ixx\.^hmi. cu-Ni^^-c*!.. 
mzm-i^<^y$mm^buo'>i^m^tix\^h 
xh]^-( yy-i^mmAtLximLx^^^j:\<\ 

[0007] ^^tfi^SrfflV^/cX yy-vfi. ± 

Us $e^jgi*oxhu^ yy-'jit. ••/ m^f^co 

^?>fzMzm^^hmmm<^^mizx^immh-:>^ 
i}<±^<. L*-hv 'J •/ H com^'^mm^ t mmc^im 

mcowmttc-ix^^h. tti. f&im^xhu^ yy- 

ov^-?:<i$i^ffi:iiia-C'j>o. ztii,mm}i^'^x\^ 

[0008] 
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m-siwj:^ hu^yy- i^miiim t^x^fc. z 
[0009] :^mti^fmLX 0 btima. mizin 

(-3. 5-3. 5)xi0-4 /'Ciyi*!*^ 
TCr<C«a Uc. 

[ 0 0 1 0 ] c rio^N'/p^ (^tt) comm-rmMi 

2 6'^2 8bimiZ±^\^Zttm^ilX\^h. 

I., c rnm)y-vmw^f\,^iii£X'\p'j:\.^t^iA. 

mx'hht^. mwzfF.-ttn'o. crm-Wkffi-^mzm 
mmmmt%m.-r^t <(-6xio-4/ 

COO 1 1 ] -f-^T-^IIBBJi, C r?iMOftV^y-v* 

zuzx-ox. mutz^miTn^m^:^ hi^^ yy- 

[00 12] 

^z]t%m>^misjs.^mzmh%>\-^ttz\m 
±<r)m.mx'm!^m'h^\^z t^zmm. zcnm.^ 
Wi^\z^mh-nm.^z-:>\,^xmiLtz. •t^£hibJ^}Vi^ 

mn-t izbizx-ox immtfzimmz^mt i z 

bim^tLX\>^l . iZX'mA^iiXr/Wzl,i.^-^-)l'j^b 

m^^^j:mmmi tot , c r {^gM^j-t ixm^ 

^Ttm^mnt. ^<^maAbWi''iiXv^^±comMi<^ 
mi^bcommz-:>\,^xm'^mm^mm^'}fz, ^<r> 
ssm, mm:^<mwTrft%^Q.r\znx.hzb\zi,'^ 
X. wm.mzmvi.tz\m>wm&\itih-tzbt^ 
X'^ - ztuzi-^xm&zmmim&miA-^^ < 

X'^^Zbti^mhPb^'^fc, 

[ 0 0 1 3 ] > m&m\-ff)m.x'y^ v yy-v 

i:m-th%^{z{,. Cr\zMi.h7iS^ffimbitm 



mzWR-thzbizi-^x. mm<^mmi\zii\^x^ 
wmmLm^^\^:^vu^ yy-i^^mthzbt^ 
■^m^hhzbm^Lt:. 
[00 14] zixt,ff)>Si^<Dhb\z. ^(^izm(^m. 

ru-ofz^^. IE^%\ZX. Cr W) i:Mi^b 
iM^tLTTi . V. Nb. Ta. N i, Zr. 
Hf. Si. Ge, C, P. Se, T e O-^-il-fil 
5%WF. Z n , C u . B i <7)^tl^fl8%WF. F 
e. Mo, W, As, Sn, Sb. Pb, Al, B, G 
a, I T 1 Oiar. Mn, Ru. R 

Re, Os, Ir, Pt, Pd, Ag, Au, #± 
miM<r)^tl^tll5%aT. Co, Be, Mg, C 
a, Sr, Ba.ff)^ix.^'ti2 0%l:iTcr)ohl7xMtt: 
li21tm&±<7ymo .0 1-5 0%b'>K7)-^WiliP 

h^j: 0 , m&\mx'y-vmt^±% < , mmm<r> 
/h^t^c r&^m^m^tL. Sissx h yy- 
i^m^nb ixmLx\>^tzbiM.^^iiiLti(r>x'h?>, 
[0015] w^^Sitf^jcti, ±^mm^±^ 
M.mbtfzmm, tfzii±Mmm(om^m&ti^m^j: 
^^^-y-, b, m.'^^'-y-/Vtt;i\t%Tt^-y-/ v 
^Y^\.yrzxn -y^vyy, t L < iiimmmwim 
^mm^mmm^'^tzmmmmmizx^ . mmm 
m±izw.mi^mt:mfS.tt:±trzitmm.mm±iz-7^ 
m^j:i:im^^xmmff)jmt5i:x/. m^mmm^ 

^) > '(C^x.yf-yT' (Jg:fea) , 1^— f h'JSy^S 

izxmmmmzMxL. mi-btct. tfz-zwxh 
\imMmbLX. -mimTbmz^w.Lfzmi-i:n 
-mHzmmLtzy-i^^^i'-ymmh, ^(=izz 
mtx'mmi-hi}\ ttzii'£m^j:f>iiztnzmmim 

mi. ^(>izm^j:t>iiZiii^mmi:k^'P. im^t 
tt;<fx4', MTt^xtpttziiM^'pff) 1 0 O'CtLhl 

2 0 0 x;WT<offl^-e, ® ^^riSfS, mKiiwm 

iiLhlOOB#iaOTjDM*, jiS'SriSS-C', »^U<«i 
1 'C/B#W± 1 0 0 'C/^WTcTjaSt-J^ait-l. ZbiZ 

ffit)KaKfi^l»3&* (-3. 5-3. 5)xlO-4/-cm 

[ooieimi^BB 

ii^%{ct , c r mm) ^m^b u, w\mb IX 

Ti,V, Nb,Ta,Ni,Zr,Hf, Si,G 
e, C, N, P, Se, T ecr)^tl^ix5%]i).T. Z 
n, Cu, Bi<7)^tL'^tl8%VAT. Fe, Mo, W, 
As, Sn, Sb, Pb, B, Ga, In, T \ (7)^tl 
i'tll 0%lilT. Ru, Rh, Re, Os, I r, P 
t, Pd, Ag. Au, ^±mjtm<Oitl^tll 5%JJI 
T> Co, Be, Mg, Ca, Sr, Ba, Mn, Al 
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-mio .01-5 o%t'j'-&(o:^mi^'^^*) . y-x 

$A*2 KLhT\ K-o&mSlimil^ ( - 3 . 5~3 . 
5) xio-4/'cmT'$)l.ifcS:#jai:-tl.;cM^ 

[00 1 7] m2^BS 

^■^bLXTi. V. Nb. Ta. Ni, Zr. Hf, 
Si, Ge, C, N. P, Se, Te<7)^tl'^tl5%l:J. 
T, Zn, Cu, B i<0-eiX-ffl8%WT, F e , M 
o,W. As. Sn, Sb, Pb, B, Ca. In,T 
ICD-e^l-eniO^OT, Ru, Rh, Re. Os, I 
r. Pt. Pd, Ag, Au, ^iMytmcO-ttl^tll 
5%VXT. Co, Be, Mg, Ca, Sr, Ba, M 

mXhc7)MhO . 01-50 %t'J'-&coTMmif>^^h 

mm^. mmtiiixj-^ yi^o y^mx'^mthzt^z 

3. 5-3. 5) xiO-4/x:Wi*ii:-rS^i:2rm 
coo 18] ms^BB 

^■»bLXTi. V, Nb, Ta, Ni, Zr. Hf. 

S i , Ge, C, N, P, Se, TeO-?-iX'fil5%Jil 
T, Zn, Cu, B i (;0-?-a'eix8%JiiT, Fe, M 
o,W, As, Sn, Sb, Pb, B, Ga, In,T 
0%OT, Ru, Rh, Re, Os, I 
r, Pt, Pd, Ag, Au, ^±mtmc0^ti^'hl 
5%UJIT, Co, Be, Mg, Ca, Sr, Ba, M 

SJiLhc^-^0 . 0 I'-S 0%b'J'-m<r)T^mii}^(:>^j:l 

hmm^m^x. m7tm^tt:iiM^'^<7)i o or 
iii± 1 2 0 o'caTco^x-tmrnm^ zbizx 

0, y->'W2tJLht', fioffiaiajI^li*M-3. 
5-3. 5) xio - /'Cmibi-tZbimLbt 

[00 1 9] ^41^03 

^ii-tLTTi, V, Nb, Ta, Ni, Zr, Hf, 
Si, Ge, C, N, P, Se, T e(r)^ix^ix5%\:X 
T, Zn, Cu, B i(7)-eil'fix8%lUT, Fe, M 
o,W, As, Sn. Sb, Pb, B, Ga, In, T 
IcO-eix-fixl 0%OT, Ru, Rh, Re, Os, I 
r, Pt, Pd, Ag, Au, m±mm<n^tl^'iXl 
5%UIT, Co, Be, Mg, Ca, Sr, Ba, M 
n , A 1 <r)^ix^ix2 0%UIT<^ a *> 1 7c3R^;t« 27C 



^JiLhO^H-O .01-5 0%b'ym.m^miii}^(>^J: 
0, >-*-S/W2feLh-C, K-^mnm.m.ifi (-3. 
5-3. 5)xi0-4 /iCWrtT*!. C r S^^fflS 

[0020 ] ^5^BH 

S«LhK, K^%{=T, Cr mU) SriJS^tL, fl 
^^fcLTTi, V, Nb, Ta, Ni, Zr, Hf, 
Si, Ge, C, N, P, Se, T e(0^tl-?tl5%i^X 
T, Zn, Cu, B i<0-?-n-fh.8%JaT, Fe, M 
o,W, As, Sn, Sb, Pb, B, Ga, In,T 
lO-efL-eixl 0%iaT, Ru, Rh, Re, Os, I 
r, Pt, Pd, Ag, Au, ^±wm<r)-^iT.-t'ixi 

5%iaT, Co, Be, Mg, Ca, Sr, Ba, M 

n, A \ <7)^ti^jx2 0%l^xr(r>dibijmtt:li27t 

^jjLhioMfo .01-5 o%b'y^m^wm^^tc 
•5, y-i-W2JiU:t', K-^mjimm.ii^{-3. 
5-3 . 5 ) X 1 0- 4 /'c[mx'hi>c rm^mm^ 
<r)±Mtfz\tTmz^mwmmm-^;ibt:mLb-t 

[0021] 

mw&.mL±.\zm^mim^Ltz±.\z. ttz^im^^ 

»K±«C, Wf-XlZX. Cr (SgP) ^ilK^fcL, IiJ 
fS^tUTTi, V, Nb, Ta, Ni, Zr, Hf, 
Si, Ge, C, N, P, Se, T &<r)^ix^ix5%\:X 
T, Zn, Cu, B i c7)-?-iim8%JjlT, Fe, M 
o,W, As, Sn, Sb, Pb. B, Ga, In, T 
IcO-etl-fiXl 0%1UT, Ru. Rh. Re. Os. I 
r, Pt, Pd, Ag, Au, m±Wm<n^iX^'iXl 
5%OT, Co, Be, Mg, Ca, Sr, Ba, M 
n, A\(7)^tl^tl2Qm^ffioiblimtfz\i2im 
IJUiCO^O .01-5 0%b'p-&<nT-mii}>h^j:m 

±1 2 0 0 x;UlT<oSS-c1iM}^a-f 4 c: t J; 0 , 
y->'W21iLhT-, (-3. 5- 

3 . 5 ) X 1 0 - 4 /'cm\x'hhc r^-mm^h 
[0022] m%m 

mws.w&.i.i.zm^mm^Lti±.\z, ttzimm 

««±t, m=F%\ZX. Cr (^g?) ii^^bL. gj 
^^bLXTi^ V, Nb, Ta, Ni, Zr, Hf, 
Si, Ge, C, N, P, Se, Te«0-en-fil5%Iil 
T, Zn, Cu, B i c7)-5-tl-ftT.8%OT, Fe, M 
o,W, As, Sn, Sb, Pb, B, Ga, In, T 
1 , ffi^fL^fll 0%WT, Ru, Rh, Re, Os, 
I r, Pt, Pd, Ag. Au, ^±mTM(^^fl^'tl 
1 5%OT, Co, Be, Mg, Ca. Sr, Ba, M 
n, Al<?5^fL-r*l2 0%IilTO^^l7cm*;tti27C 
SIIJaJ:<^)^0 . 0 l--5Q%b'yM.ffiymmi)>t:,^j:h 



(6) 



#^¥9-95751 



(>iz4mim^x. mjtm'xtfdiM^'^(7)i o o-c 
ULh 1 2 0 0 x:]^xr<^iBj^Tisimm^mti ztizt 

5-3 . 5 ) X 1 0- 4 /•a:Jll*lT-S)I.C rS^^Sli 
[00 23] 

<^«as<i. ■eii'?'n*«;9 ccfcitx- 1 5 or-cfts. 

[0 0 24] 02~7{c{i, ■mmw.:^f^v^')y'!^mm. 

<0»»i: , 0- 5 Or{cfc{tl.ffifiiSJg<SStfcit>'S 
(*^2 0X:) «cfc<tl.:>-'-i/'$i:tOMil5-5^t. ^ii 

i. Zr, Hf, Si, Ge, C, N, Se, Te 
c^-en'fnS^iOTs Zn. Cu, B i 0^il'?-'il8% 
OT. Fe, Mo, W, As, Sn, Sb, Pb, 
Ga, I n, TlO-eil-fm0%WTs Ru, Rh. 
Re,Os, Ir,Pt,Pd,Ag,Au, ^±mt 
^O-eiX-f^ll 5%OT, Co. Be. Mg. Ca. S 
r. Ba. Mn. A 1 0-eiX'fil2 0%OT<^d-^ l7C 
mttz\i27m^X±.(r>^\0 . 01-50%. »^l< 
(iO. 1-4 0%, §<^{c»tL<{il-4 0%fci:i; 

<7)KHtiiy-vW2j.:uio;^v^ffi**#4>ti, ao® 

- 3 . 5-3. 5) XI 0- 4/iciyrt 

[0025] ±ieilM^J-«Od *>. H f . Z r . P. A 
s, Sb. Mg. Ca. C ofcJ:lN'Pd{ZOV^T(i. RR 
«««ffl£li-i-C tfifiiiSJSmA^ ( - 3 . 5-3 . 
5 ) X 1 0- 4 H f i: Z r {i, 5% 

•t-r. ^Tt. PfcJ:t/fAsfcSb^^>t/ftcMgtCa(i 
-e-^i-etl. 5%t5i:t^l 0%'5r'^t^«c2 0%S:^;t5fc 

'm-fhZbifiX't-f. Ltzifi-^x. ^iit^(ni7im\zn 

[0026] ia2-7*»/i>. y-x*JiiM^«»« 
<^lijD{c:ffotJSiJ'-t5;i:***>*'S3!?*. C. Si. G 



-y$(?)«^-*i/jN$ < . ^/c. Ni. Nbfe<}:U^Ti 

t^<ry^\^y-'Jmmh:ibifiX'^ hTtM-kmnmz 

0 *>*^^. 27clgJiUtSr»ai7^>:%&. -f^X 2 J: 

[00 27] ^rfe. i?&±3i7c^«iSc. Yfcit/f^y^ 

y*7cS(La. Ce. Pr. Nd. Pm. Sm. E 
u. Gd. Tb, Dy, Ho, Er, Tm, YbfcitX 

[ 0 0 2 8 ] Hsti. mkm.tis?.wn-^± {mm 

mm^t, m\z'^t>tih xo\z. *3%b^^^^ i o o 
•ctUi 1 2 0 o'c^xT<nmsm<.zii\^x . i ^jj-ratui 

1 0 0 ^laWTSPl^L , OV^T' 1 •C/^IJU: 1 0 0 OX: 

mn%(^ixi>. mm<r>^mzii\^x . i o o-ciiihi 

2 0 0-CJaT<OiaK®ffl{cfc(,^t . »S L < {i 1 

± 1 0 OV^m^XYtmcfh i 0 fcRIS tJtSAti. ::<o 
WfefM*lt'{iy-i^W2ULbT'. floSfiiiag^^ 
*M-3. 5-3. 5) xl0-4/'ciyrt{C^-5Tif 

tL^^t-hX'h^, loo'cmxuy-'j'miz^it 
\\ tfzi2o ox:tii±-ci±, mmy-'jmmh 

[0029] 

[HifSM] :¥mcr)mmmiz-?\^xmmh, 

II 7 (iB^: C r-5. 8%Fe) CO 



0 5mmfcJ:t^JS$3mm<OCr(?3P]S (*4ffi9 
9. 9%) f-ffli^mfiKCTtfyr-f y/t. §^>(CCrO 
±ICBM7X7mm2 fcj:t>*jf$0. 8mmc0:*:# ScO 
«^*Fef-'/r (*fi]S9 9. 9%) 5-4fe4f>'T-<y/ 

fflV^•C . TiiiZTfiLfzX^'^'y ^ V V^fk^XW-^ 0 . 3 

<^-7x^it-ji^^xi5%. mm\zj-^9-y^LimiR 

m^X'thi:o\z-th. 

fm^% lX10-7Torr 

'^mwMi) loow 

TlVdyifXS. lX10-2Torr 

mi ;!f7X(C0RNING #021 

1) 

wmm. m\m 

W^m. 5 0 mm 

JiclSiSS 3 0A/min 

fmUv:^fl8(::Ay:r^fflv>tS@0 . OSmmcotStI 



(7) 



fzta*). 0. 18x10-4 /iC<7)^^«JC/h$ V>ffi$i 
fil5r . ^a^Hm* 1 0 0r~5 0 0*Cc7)#aiiaST' 

mmm\!^mmx'^'i'i%Si {i^mm. : 2 o o-c 



[0030] 
[^1] 





(20*0 


(20t:) 

Q ' cm) 


(0-50*0 

(xio-^A:) 






(h) 


as-depo 






5.6 


94. 74 


0. 18 




400 


10 


8.1 


90.47 


0.42 




450 


5 


7.9 


88. 72 


0.52 




500 


30 


8.3 


91. 56 


0.40 




200 


80 


7.2 


92.94 


0.29 



[003 1]||Sfefi^2 S(?P4#-tl3 (fflJS: Cr- 

1 . o%v) co-^mmiomi^bwm 

im9 9. 9%<7)CrfcJ:lAVSrT-^'^;l/b&{Cj:-? 
t-^fkL, E@2 0 3minfcJ:t^ff$5mm<0^^^' 

X . TiE{C* Lfzxn-j ^ V yy^n-Tm^ 0 . 3 6 ju 

f'^ij'M^xa^ . ^mi,zy-i^/-<^^~yim&X'^ 
hXoizt. ^t3i,zNii5Xx/Au<7)mmwM^mmi- 



^:fymmsi 
m 

y-yV'T. 

^:fym-9-y-^hmm 
mw.-'f-y'vvwm. 

9 0 A/m i n 



8 To r r 



2X10- 
700V 
2mA/cin2 

«ii{:s i 02 ^mm^Ltzx 



5 0 or 



1 2 0mm 
1 2 0 mm 



iimLfzmmmmzi^um.m^L. 4«^sjctj£ 
mm.{miixify-'jn^(r>m%m'ifz, ^m^. 
0. 0 8x10-4 /vcDmizA^^^^mKis^mmt 

9. 4<r>Wmz:k^^j:y-=Jmtmhtit:. m%(>ti 

tzmmizM IX . #a#ffl^+ 1 0 ox:~ 1 2 0 o-cct) 
^mm.x'm^msiamtmmx^'^^& {<%m 
IS.: 5or/B#ra) It:. ^2(1. itii^B.9mmm 

#=S:ii5:^u^, man. ^lixhmm^Mm'p 2mm 

<r>mx'mUzm^<r>tam^tmn:<^{m. 

WLc^mMo. 3x10-4 x'cn&bA^^ < . y- 
h yy-i^im.-fh±.X':if^^^^<^mmm 

[00321 

[^21 



(8) 



1f§3¥9-95751 







(m Q ' c m) 


(X10-4/C) 




CC) 


(h) 


as'^depo 






9.4 


62.04 


0.08 




450 


10 


10. 1 


58.7 


0. 32 




500 


5 


10. 1 


59.3 


0.25 




400 


30 


10.4 


54.3 


0.32 




800 


80 


9.6 


60.2 


0.09 



[00 33] liSfi0IJ3 sm#-^53 (ffl^: Cr- 

1 . 2%A 1 - 1 . 6%s i ) (D^^mm<^m^twm 

m.9 9. 9 9%tOCr, |$S9 9. 9%<0A 1 il/f 
MS9 9. 9 9%<0SiS-. 'en'e*l9 7. 0%, 1. 

mmzx-^xm^ i . 2Mm<mm^m-th. mmz 

-VJti'-yim&X't hiio izth, 

WSB. 6XlO-7Torr 
mS. .-IfJ-f (J1$0. 1mm) 

S«S 2 0 QIC 

a«R-E^iiraSgil 180mm 
tfMiiS 13 0A/min 

^x^p ■k-&^Ltzwmtf%^wtm.\zx%m^(r>c u 



$r?mf LT 4 mmzx^wm.m.ii)^if'f-v^<n 
ansi&ff-^Jt. -e<7)Ma. -0. 24x10-4 /'c<^ 
7 . 9 <n±%ts:f-vmn^K 
tz. mznwmmiznix . ^-a^a^+i oo-c 
~4 0 o'cco^mmx'mmmammiSitx'^'pni 
& 5oo'c/B$ra) uc. ^3(i. -eii4> 

v^y-'jmm-t. mmmitmm. ^^■mmmfi.iz 

[0034] 
[113] 





(20*0 


(20t:) 
(ix Q* c m) 


(O'-SO'C) 

(X 10-4 a:) 




CC) 


(h) 


as-depo 






7.9 


99.36 


-a 24 




330 


10 


9.1 


96.21 


0.22 




400 


5 


9.4 


94.33 


0.31 




380 


30 


8.3 


96.87 


0. 30 




280 


80 


8.1 


97.92 


0,15 



[00 3 5] mt5Xr/m5ii. »mmxj-^-yi!^'jy^ 



ft^w^^^ifii<7)stjiffl®#i!t (TCR) , itmm 
mip) axx/y-m ( k ) oas^^^^^-t. 

[0036] 
[^4] 



(9) 



!^I58¥9-9 57 51 













TCR 












(2ox:) 


(20flC) 


(o-sot:) 






CC) 








(mQo) 


<io-4a:) 


1 


B« 2.7 


- 


- 


- 


7.7 


54.31 


0.01 


2 


Mg 4.2 


- 


- 


- 


4.7 


67.24 


-0.02 


3 


Ca 5.8 


- 


- 


- 


5.8 


71.38 


0 


4 


Sr 9.6 


550 


16 


100 


9.6 


72. 16 


0. 43 


5 


Ba 7.9 


600 


12 


150 


7,9 


76.36 


0. 03 


6 


Un 12.4 


- 


- 


- 


3.8 


106.88 


-0.04 


7 


Fo S.8 


- 


- 




5.6 


94. 74 


0. 18 


8 


Co 7.4 


- 


- 


- 


5.4 


97.74 


-0. 05 


9 


m 0,8 


500 


3 


200 


11.2 


96. 4S 


0. 13 


1 0 


Uo 4,9 


- 


- 


- 


3,5 


. 54.26 


-0.09 


1 1 


» LB 


- 




- 


9.3 


55. 87 


0.09 


1 2 


11 0.5 


- 


- 


- 


10.6 


60.03 


0.71 


1 3 


V 1.0 


- 


- 


- 


9.4 


62.04 


0.08 


1 4 


It 2.3 


450 


24 


100 


7.9 


57.44 


0.35 


L 6 


Nb 0.9 


- 


- 


- 


11.2 


56.87 


0. 07 


1 6 


Kf 2.8 


- 


- 


- 


6.7 


71.45 


0.48 


1 7 


Ta 1.6 


500 


10 


80 


8.3 


69. 66 


-0. 11 


1 8 


Ru 4.4 


- 


- 


- 


9.1 


74. 83 


-0. 13 


1 9 


Rh 8,0 


500 


5 


100 


8,0 


73.92 


0.06 


2 0 


Re 7.7 


- 


- 




5.4 


79.12 


-0.02 


2 1 


Os 5.4 








6i2 


78.27 


0.04 


22 


Ir 6.3 








5. 4 


80. 33 




23 


Pt 7.2 








5,7 


71.25 


0.09 


24 


Pd 12,9 








3.9 


70. 30 


0.11 


25 


Ae 5.8 








6.2 


72.96 


0.09 


2 6 


Au 7.0 


450 


2 


50 


6.1 


75.39 


0.08 


2 7 


Y 2.9 


500 


60 


80 


8.2 


73.41 


0.12 


2 8 


La 5. 1 








5,7 


73.39 


0,01 


2 9 


Ce 3.8 








6.6 


73.05 


0.04 



[00 37] 



[«5] 



(10) 



^¥9-95751 



9/m 








item 


TCR 






mm 






(20TC) 


(20*0 


{0-50*0 
















(10-^ a:) 


3 0 


B 1.8 


- 


- 


- 


8.2 


70.05 


0.04 


3 1 


AI 2.3 


- 


- 


- 


12.4 


70.90 


-0.04 


3 2 


Ga 3.8 


- 


- 


- 


10.0 


71.32 


0.10 


3 3 


la 4.2 


450 


5 


120 


6.5 


71.86 


-0.01 


34 


Tl 4,7 


- 


- 


- 


6.6 


75.99 


-0.03 


3 5 


Cu 3.2 


- 


- 


- 


E.6 


76.89 


0.05 


3 6 


Zn 2.9 


500 


20 


ISO 


9.7 


76. 72 


0. 52 


3 7 


C 2.0 


- 


- 


- 


13.1 


86.06 


0,33 


3 8 


Si 3.2 


- 


- 


- 


1L7 


91.45 


-0. 13 


3 9 


Ce 2.8 


- 


- 


- 


10.6 


9L67 


-0.56 


40 


Sn 7.8 


- 


- 


- 


9.1 


89.22 


-0.22 


4 I 


Pb 7,1 


520 


46 


500 


6.7 


79.77 


0 


4 2 


K 2.2 


- 


- 


- 


6.6 


96. 18 


H).05 


4 3 


P 2.7 


- 


- 


- 


8.1 


80.63 


-0.08 


44 


As S.4 


- 


- 


- 


6.1 


76.24 


0.02 


4 5 


Sb 6.7 


- 


- 


- 


3.8 


72. 39 


0.03 


46 


Bi 3.9 


- 


- 




5.2 


71.46 


-0. 11 


4 7 


Se 2.3 


- 


- 


- 


10.1 


92.96 


0,01 


4 8 


Te Z9 


400 


72 


10 


6.2 


81. 32 


-0, 07 


4 9 


C 3.0, Al 1.3 


- 


- 


- 


8.4 


10a64 


0.76 


5 0 


C 3. 0. Si 1. 5 








8.8 


107.23 


-0.76 


5 1 


C 3.0, Nl 0.4 








8. 0 


iUO. s4 


-0, 99 


5 2 


C 3.0, Nb 0.6 








7.4 


102.81 


-0.63 


5 3 


Al 1.2, Si 1.6 








7,9 


99.36 


-0,24 


5 4 


Al 1.2, N[ 0.4 


soo 


24 


200 


7,9 


96,28 


-0.60 


5 5 


Al 1.2, Mb 0.4 








7.6 


95,04 


-0.31 


5 6 


Si 1.6, m 0.4 








7.8 


102.39 


0, 13 


5 7 


AmSi4,Nil 








6.9 


112.72 


0.S4 


5 8 


H[i22,SiaSn8 


500 


10 


too 


5.9 


120. 17 


0.45 



[0038] 

X\ S.oJgfitTO^|!t*< ( - 3 . 5-3 . 5 ) X 1 0 

tm ) iai(i, c rmm<ommmm.mitm 

[I12]ll2<i, Wm^tLXMllBe. Mg, C 
a. Srt>J:l/fBacOSt*f-fS0~5 0'Ct:j3*tSffi 

[ia3]ll3«i, mmttLXMLhFe. Co. Mn 



^fciy^as (2o°c) tcfcttsy-i^'^Sr^-r. 

Nb, Hf, Ta. Ni. Ge, Si, C, N, P, S 
efcJ:t>'TeO4{C^-ri.0~5 0''C\zmhmm^ 

[05] llSti, m^^hl.XMthRu . Rh, R 
€, Os, I r, Pti3j;l/Pd<7)4{cSttl>0-5 0 

°azm hmKmMWLiii:.ifmis, ( 2 o-c.) \zmh 

[06] I16{i, gM^i:LrjPxl>Ag, Au, Y, 
L afcil^C e CO»CStf & 0-5 Q°Q\Zi5\thmMS>. 

[07] 07{i, iiMii-t LTJBi.l.Pb, Sn, A 
s, Sb, Bi,W, B, Ga, In, Tl, CufeJ: 

y^z n<r>mzm-h 0-5 o'azmhmMmma 
xx/mis, ( 2 or) fcfcttsy-x^j-s^f . 

[08] 08(i, Umm^l 3 (ffi^: Cr-l. 0% 



(11) 
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(12) 




(13) 




(14) 
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20O 400 600 800 1000 1200 
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